application of the microchip implant system to rabbits, guineapigs, woodchucks and amphibians is described.
In our institution a group of 50 woodchucks (l\4armota monax) had to be marked for individual identification in a long-term carcinogenicity study. Microchip implants were applied to these animals in addition to the numbers that had been tattooed on the chest by the breeder because these numbers quickly became illegible as the fur grew. In addition, rabbits and guineapigs were injected with microchips to test the system. Whereas there are at least passable methods for marking of mammals and birds there are no satisfactory traditional identification systems for amphibians. Borland (1992) stated that marking with tags, bands or beads, toe-clipping and tattooing were all impracticable for the identification ofaxolotls (Ambystoma mexicanum) in a breeding colony. For Xenopus laevis, the amphibian species that is most frequently used in Laboratory Animals (19951 29, 339-344 research, Verhoeff-De Fremery and Vervoordeldonk (1982) have discussed the usefulness of the common identification methods. They found them either too inconspicuous [disruptive patterning), too hazardous for the animals (mechanical marking with coloured beads or threads and aluminium bands), too unreliable [toe clipping), too unstable (tattooing) or impracticable (branding and freeze-branding). The method of marking with skin autografts that is described by the same authors bears the risk of wound infections and failure because of graft rejection. Toe clipping is not only unreliable but can also lead to increased morbidity and mortality; Golay and Durrer (1994) described infections and necrosis of the amputation stump or the entire foot in a considerable number of toads (Bufo calamita) after toe clipping. Therefore, we also evaluated the microchip system in several species of amphibians (Ambystoma mexicanum, Bombina orientalis, Pleurode1es waltlii, Triturus cristatus, Xenopus laevis). The technique that was applied to Xenopus and to Pleurodeles is described in detail.
Materials and methods

Animals and husbandry
Woodchucks (Marmota monax), guineapigs and rabbits were obtained from commercial breeders (Marmotech Inc., Ithaca, USA; Charles River Wiga GmbH, Sulzfeld, Germany). Woodchucks (25male, 25 female) were one year old, their weights ranged from 1.6 kg to 3.3 kg. Two animals of either sex were housed together in metal cages. They were kept under conventional conditions. The room temperature was 20 ± 2°C with a relative humidity of 60 ± 10%. The light was adjusted to the natural daylength in Heidelberg. Food (pelleted guineapig breeding diet (Altromin, Lage, Germany), bananas, apples, carrots, green salad) and tap water were supplied ad libitum. Guineapigs (l male, 4 female) were one year old with a weight from 840 g to 1.1 kg. Rabbits 11male, 4 female) were 3-6months old and weight 2.9 to 4.2kg. Guineapigs and rabbits were housed individually in plastic cages. They were kept under the same conventional conditions with 20 ± 2°C, natural lighting and humidity not regulated. Food (pelleted guineapig maintenance diet (Altromin, Lage, Germany)/rabbit maintenance diet [ssniff, Soest, Germany) I and tap water were available ad libitum.
African clawed toads (Xenopus laevis ) and Spanish newts (Pleurodeles waltlii) were homebred. Five adult Xenopus (about 2 years old) and 12 adult Pleurodeles (1 to 1.5 years old) were used. Both species were housed in groups in tanks with weekly change of water. The temperature was 20±2°C and the light cycle was 12/12h light/dark. Fly mites, liver and heart supplemented with vitamins were used for feeding of Xenopus, fly mites and earthworms for Pleurodeles.
Device
We used the 'Electronic Lab Animal Monitoring System' (ELAMSTM) (BioMedic Data Systems Inc., European distributor PLEXXBV, Elst, the Netherlands) including transponders and a hand-held scanner wand attached to a separate reader by a flexible cable (PSR 2000) . The centre piece of the system is a battery-free transponder. It consists of a permanently encoded microchip (1O-digitalphanumerical code) and a copper-wire spool, hermetically sealed in a cylindrical glass capsule coated with a biocompatible polypropylene cap. The total size of the transponder is 12x 2 mm. Transponders are cold sterilized with ethylene oxide gas and prepackaged into sterile injection needles [12G). 10 needles each are packed in a cartridge that also serves as injection handle (Fig 1) . To read the encoded number a marked animal is presented to the scanner wand or the scanner is presented into the required cage or tank. A low power radiofrequency signal from the scanner activates the chip via the spool to transmit its code when it is within the scanner's field (ca. 8 cm maximum reading distance for PSR 2000). The detected code is received by the scanner and displayed on the reader. 
Implantation procedure
In all mammals the implantation site was prepared by swabbing with 70% alcohoL Rabbits and guineapigs were restrained physically. Woodchucks were injected when they were under anaesthesia for other treatments (75mg ketamine and 7.5 mg xylazine per kg bodyweight intramuscularly). Transponders were injected subcutaneously in the midline of the cranial scapular region with the 12-gauge needle implantation device supplied by the manufacturer. A new sterilized needle was used for each injection. The full length of the needle had to be inserted to place the transponder safely. The injection site was allowed to heal without sutures or wound clips.
Amphibians were operated upon under clean conditions. Xenopus were anaesthetized by immersing them for about 15 min in a 0.5% solution of tricaine methane sulphonate IMS 222, Sigma, Deisenhofen, Germany) in tap water at room temperature. The animals were then rinsed with cold tap water and placed in ventral recumbency on a clean paper sheet (Fig 1) . A second paper sheet was used to pull a fold of skin in the middle of the back, parallel to the spine in which a 1 cm long incision was made with scissors. The transponder was injected subcutaneously into the dorsal lymph sac via the 12-gauge needle implantation device supplied by the manufacturer (Fig  2) . The skin edges were accurately apposed with one suture (silk 2-0) and tied with a surgeon's knot with additional throw covered by a square knot (Fig 3) . After the operation the animals were rinsed with cold water again and placed in a closed bucket with water. The water level had to be low to prevent drowning until the animals had recovered from anaesthesia (about 2 h). For the following 2-3 days the animals were kept in the bucket with a daily change of water. The suture did not need to be removed. Injection of the transponder was easy to perform in rabbits, guineapigs and woodchucks.
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Results
In PleuIodeles transponders were implanted together with preparation of oocytes. The same mode of anaesthesia as for Xenopus was used. The animals were placed on their back and a 1 em long incision was made caudoventrally into skin and body wall. After removal of ovarian tissue, transponders were placed into the coelom. Skin and body wall were sutured simultaneously (simple interrupted suture, silk 2-0).
The skin of the injection area (scapular region) of guineapigs turned out to be relatively tough and the injection caused light bleeding. In these animals a light swelling of the subcutaneous tissue surrounding the implant was palpable for the first week after injection. There were no other obvious complications or detrimental effects on the animals' wellbeing. Transponders could easily be located by palpatation, especially in rabbits. In one guineapig a displacement of the transponder from the injection site to a localization caudally of the shoulder was noticed. All chips were correctly readable for 2 months of study in guineapigs and rabbits and for 2 years in woodchucks. Altogether there was no microchip failure in 403 interrogations. From 20 woodchucks that were dissected transponders were removed. They were always located in the sucutaneous tissue of the implantation site and were encapsulated by a thin layer of connective tissue.
No wound infections and no disturbance of the animals' well-being were observed in Xenopus and Pleurodeles. The incision healed completely within a few days. In 2 out of 5 marked Xenopus the transponder was not visible or palpable and no chip number was readable. Probably, the injection needle had not been placed deep enough when the animals were marked so that the transponders were lost through the puncture hole shortly after injection. With more experience in the technique this did not happen again in subsequent operations. Transponders that had been placed correctly have worked well for 41 months [Xenopus) and two years (PleuIodeles) (Table Ij. In one case the transponder was still visible under the skin but the chip failed to transmit its code after 41 months. This failure might be due to cracks in the spool or to leakage of the glass capsule (Rao & Edmondson 1990 ).
Discussion
Correct reading of microchip implant (months after implantation) 16, 27, 34, 41 16, 27, 34" negative b 1, 7, 12, 14, 21, 24 5, 10, 12, 19,22 10, 12, 19, 22 2, 7, 9, 16, 19 5, 7, 14, 17 2, 7, 9' 1,7' Observations In guineapigs and rabbits the function of the transponder was regularly assessed for 2 months. Clinical observations and mass palpatations were recorded every 2-4 days during the first month. In woodchucks the function of the transponders was checked at least every 6 months for 2 years. Animals that died or had to be killed during the course of the experiment were dissected, a macroscopic evaluation of the tissue surrounding the implant was performed, and the transponders were recovered. Xenopus and Pleurodeles were inspected regularly and the transponders were assessed at irregular intervals (Table 1) . In the mammalian species we tested in our study, transponders could easily be implanted by a simple subcutaneous injection. In amphibians, attempts to use this means of implantation failed due to the tenacity of their skin. Therefore, it had not been possible to control the depth and direction of the injection and there had been a risk of injuring the animals. The operation procedure described for Xenopus laevis was also successfully applied to Bombina orientalis (data not presented) . Amphibians are often used to obtain oocytes by surgically removing pieces of the ovary. Transponders can then be implanted into the coelom in the same operation to avoid additional stress to the animals. We used this procedure successfully for Pleurodeles waltlii and also for Ambystoma mexicanum and Triturus cristatus (data not presented) . In these additional amphibian species it proved to be advantageous to close the wound with tissue adhesive IBam bin a ) or a combination of tissue adhesive and su turing (Ambystoma). In all species care had to be taken to insert the injection needle completely to avoid loss of transponders through the puncture hole. Essentially, no side-effects were observed after any of the implantation procedures. Reading of the chip numbers was easy to perform and reproducible in all species tested.
Wormuth (1991) listed criteria for the suitability of animal identification methods, namely quick and unequivocal to read, durable, unadulterable, simple, not harmful to the animals, low-priced. Microchip implants meet most of these requirements. In our study they proved to be a practicable and reliable system for the identification of some mammalian and amphibian species without adverse effects. Chronic evaluations with large numbers of animals have shown the same for rats (Ball et a1. 1991) and have also proved that implants have no tumorigenic potential in mice [Rao & Edmondson 1990) . Successful application of microchips has also been reported for axolotls in a breeding colony (Borland 1992 ) and in a field study on population dynamics and migratory behaviour of toads [Sinsch 1992).
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. However, there are some respects in which electronic animal identification does not meet the requirements. The system is relatively expensive, the price of a single transponder exceeds the first cost of a 'standard' rat or mouse. The chip-numbers are quick and unequivocal to read but they can not be read without the scanning and reading device. There is, on the other hand, the benefit that identification numbers and experimental data may be downloaded to a computer system. Dimension of transponder and injection needle narrow the range of application to animals with adequate size and skin quality to avoid iatrogenic injuries and adverse effects on the animals' well-being.
Despite these minor drawbacks electronic animal identification is a suitable alternative in cases where common methods fail. With increasing sensitivity to animal welfare and suffering, methods such as branding, tattooing, ear punching, and toe clipping have to be questioned as to their suitability and legality. Speaking in the strict sense the two latter methods are illegal as defined by the protection of animals legislation in Germany. The same holds true when experimental animals in a research project are wasted and have to be killed because identities became mixed up due to the use of a less reliable traditional identification method.
